The UK's EU in/out referendum raised significant debate and speculation of the intention of the electorate and its motivations in voting; much of this debate was informed by simple data analysis examining individual factors, in isolation, and using opinion polling data. This, in the case of the EU referendum where multiple factors influence the decision simultaneously, failed to predict the eventual outcome. On June 23, 2016, Britain's vote to leave the EU came as a surprise to most observers, with a bigger voter turnout than that of any UK general election in the past decade. In this research, we apply Multivariate Regression Analysis and a Logit Model to real voting data to identify statistically significant factors influencing the EU referendum voting preference simultaneously as well as the odd ratio in favour of Leave.
Introduction
The UK's referendum on whether to remain as a member state of the European Union (EU) caused much debate and speculation at the time of the plebiscite and even more since the results in favour of Leave. High on this list of conjectures was the motivations of the electorate and the voting patterns that this would produce.
There had been significant speculation on the characteristics of people who would either vote to Leave or Remain in the referendum of June 23, 2016 (see, for example, the media articles in The Economist (2016) and The Telegraph (Kirk, 2016) ). Characteristically, it was concluded that the more affluent and better-educated voter would support Remain; whilst the less affluent and those with lower educational opportunities would support Leave; young people were more likely than the old to vote for Remain; old people were more likely to turn out to vote than the young, which was taken to favour Leave. Much of the conjecture, up to and during the referendum, was informed by simple data analysis examining individual factors, in isolation, and using opinion polling data (such as YouGov polling data) and sampling from social media (such as BBC and The Guardian). Moreover, there has been an absence of formal academic assessment along this line, although Stolz, Harrington and Porter (2016) have recently conducted research on Brexit but this principally examines the topological 'shape' of it.
The referendum data is now available (thanks to The Electoral Commission's work) and it is therefore, possible to use the actual data to conduct a systematic analysis and provide a more definitive assessment of the key factors that have influenced the British people's decision to leave the EU. However, the referendum data does not contain the voters' personal information, such as sex, education, social grade, income etc., which is required to provide a complete assessment; consequently, we need to use 2011 census 1 data to calculate the corresponding percentages.
Although some studies, in the media, of the voting results have been attempted following the EU referendum (see, for example, BBC News, 2016 , The Data Team, 2016a and The Guardian, 2016 , the conclusions drawn on the voting patterns appear, mainly, to be based on graphically comparisons of the voting or polling data against each single individual demographic factor. For example, it was concluded, by the BBC News (2016) , that older voters were much more likely to vote Leave than younger voters by simply comparing, graphically, the percentage of each age group against the corresponding percentage of Leave/Remain votes using the Lord Ashcroft polling data. The Guardian (2016) compared, graphically, the referendum results to some key demographic characteristics (such as % residents with higher education and % residents not born in the UK) of the local authority areas, individually, to draw some patterns without mentioning what exact data were being used. These comparisons for each individual factor in isolation, without rigorous statistical analysis, can lead to misinterpretation of the data in the situations typified by the EU referendum, where multiple factors influence a decision simultaneously. In such cases, in order to draw more meaningful conclusions advanced statistical analysis techniques are required. This paper, therefore, provides the first detailed assessment of the election results;
in doing so we adopt both Multivariate Regression and Logit Model techniques, coupled with Tableau Public Tool to visualize our main findings, determining the dominant factors that have influenced the Brexit outcome.
The remainder of the article is organised as follows: Section 2 provides the details of the data collections, the research methodologies, as well as the data analysis and then main outputs using both Multivariate Regressions and the Logit Model. The key findings within the analysis are concluded in Section 3, where some commentary on policy implications is also made.
Research Design
To capture the joint impact of various potential demographic factors on the UK's decision to leave the EU, we use two separate methodologies to determine the significant factors.
First, multivariate regressions using Stata are carried out to identify statistically significant factors that have influenced the voting preference. We then use a Logit Model to confirm such findings as well as the odd ratios in favour of Leave. Before that we need to collect valid and confirmed datasets from reputable sources.
Data Collection
For these assessments the data have been obtained from: The Electoral Commission (2016);
The Office for National Statistics (ONS) (2011); National Records of Scotland (2011) 
Multivariate Regression Analysis
As shown in Figure 1 (2) and (4)).
As can be seen in Table 1 , the factors Unem, UKborn and Income appear to be insignificant. However, the correlation matrix in Table 2 shows high correlations (greater than 0.75) between Unem with Turnout, ABC1 with both NoQ and Educ, and Educ with NoQ. A negative high correlation of -0.85 between Turnout and Unem implies that areas with a lower unemployment rate tend to have a higher turnout (see Figure 2 ). This phenomenon supports Radcliff's argument that a poor economy discourages voters' participation by those most adversely affected (see Radcliff, 1992) . To remedy such problems, we remove those highly correlated independent variables (Unem, NoQ and ABC1) as well as the insignificant variables (UKborn and Income) 7 and rerun the regression, the results are presented in Table 3 . As can be seen in Table 3 , the intercept α now becomes insignificant while the overall explanatory power ( 2 = 0.86) of the model remains almost the same as that in Table 4 , from which we see that all the independent variables remain statistically significant and that all the estimated coefficients are similar to those reported in It is also interesting to note that, by simple calculations using (2) 
Scotland and Northern Ireland
For the analysis of Scotland and Northern Ireland, we add a subscript '_S' to each variable to denote the corresponding variable for Scotland and Northern Ireland. Following the arguments for England and Wales above, we restrict ourselves on the significant independent variables only, namely, DifferS, TurnoutS, MaleS, EdlderlyS and EducS, and then estimate the coefficients βis using OLS as before.
KEY FACTORS INFLUENCING THE UK'S REFERENDUM
The estimation result of (3) is summarized in Table 5 . Variables DifferS and TurnoutS are insignificant while the overall explanatory power measured by 2 is 76%. From the correlation matrix Table 6 , we see that TurnoutS is highly correlated with EducS with a correlation coefficient of 0.74, indicating that areas in Scotland and Northern Ireland with a higher proportion of university educated people tend to have a higher turnout to support
Remain (see Figure 6 ).
14 Table 5 : Regression result for Scotland and Northern Ireland The final result after removing the insignificant variables is presented in Table 7 and Equation (4 
The Logit Model
In the case where individuals are making a choice between Leave and Remain, we can formalise the situation by specifying a utility function (e.g. a log utility function) 15 to say that the individuals will make the choice generating a higher utility (or higher satisfaction).
Let Di denote the difference in overall utility (or net utility) that individuals in area i obtained between voting Leave and Remain. The area i votes for Leave (overall) if the utility 15 In economics, a utility function is a real number -valued function, which measures preferences over some set of goods (including services: something that satisfies human wants); it represents satisfaction experienced by the consumer of a good. 
Independent Variables
Where, i denotes area i.
Thus Yi = 1 if the number of Leave votes is greater than the number of remain votes in area i (and 0 otherwise). Let pi denote the probability that area i votes for Leave, then the probability it votes for Remain is 1 -pi. We know that area i will vote for Leave if the utility difference is positive. So we have the following equation
Taking expectation of Yi, we get the average value of Yi as
The logit model reads as
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The dependent variable of (5) is the natural log of the odds ratio in favour of Leave.
For the logit model, we first apply it to the whole UK (that is, England, Wales, Scotland and Northern Ireland) data. We then compare the results with those of England and Wales.
The results from the logit model for the UK produced in Stata are summarized in Table 8 and Table 9 , and the results for England and Wales are summarized in Table 10 for comparison. Table 8 , we can see that the variable Elderly becomes insignificant while the other variables remain significant and with the same signs as identified in the multivariate regression analysis. Note also that this factor Elderly was consistently less significant than the other significant variables in the multivariate regression analysis above (see Table 3 , Table 4 , Table 5 and Table 7 ). So, combining the results from both the multivariate regression analysis and the logit model, we can conclude that a higher proportion of elderly British can contribute to a relatively higher percentage of Leave votes (a result from the multivariate regressions), however, these extra Leave votes do not lead to a Leave outcome in individual areas on their own (a result from the logit model). We then remove the Table 9 , in which all remaining factors are highly significant. 
From the results in Table 9 , we can answer "How much does the probability of voting for
Leave change when we alter each of the independent variables?" The answer is given by the "marginal effect on probability of Leave" in the 4 th column of 
In England and Wales, where most Leave voters reside, the predicted probability of voting for Leave is about 0.94 (see Table 10 ), giving the odds ratio in favour of Leave of about 16:1 20 Note that the average turnout is calculated as the mean of the turnouts across areas, thus different from the overall turnout of 72.2%. 21 The odds ratio can also be calculated using (6). However, caution should be taken when using the estimated coefficients as they are rounded numbers and very small numbers can result in significantly large differences in the odds ratio. It is therefore better to use the predicted probability calculated by Stata itself as quoted in The effect of voter turnout is one of the significant factors influencing the referendum result.
The high overall turnout actually benefited Leave with a big proportion of the turnout being from enthusiastic leave supporters, with a corresponding under turnout of remain supporters.
This could indicate that the Leave campaign was more effective in mobilising their support base, but may also explain that regardless of the effectiveness of the campaigns the Leave voters felt more strongly about the factors affecting Leave than did the Remain supporters.
We also find that areas in We also find highly significant evidence that demographic changes of British adult males in individual areas, have an effect on the referendum outcome with areas with a higher proportion of British male adults being associated to a higher percentage of Leave votes.
The impacts of the proportion of UK born British and income are found to be statistically insignificant.
The factor of elderly voters, although having an effect on the outcome, was generally over claimed as a dominant factor. Combining the findings from both the multivariate regression analysis and the logit model, we conclude that a higher proportion of elderly British can contribute to a relatively higher percentage of Leave votes (a result from the multivariate regressions), however, these extra Leave votes do not lead to a Leave outcome in individual areas on their own (a result from the logit model).
The logit model also allows us to predict the odds ratio in favour of Leave. We find that the odds ratio in favour of Leave in England and Wales is about 3 times as the odds ratio for the entire UK.
Discussion
The above findings may have the following policy implications:
It can be implied from the analytical results above that a lack of further or higher education affects a population's attitude to change, which could be assigned to, paradoxically, feelings of and inability to affect political changes, caused by a perceived reduced access to a highly educated 'political elite'. This could have a further consequence in future elections where the results become less predictable due to broad public sentiment over established political dogma.
This leads to a conclusion that a greater access to higher and further education would produce different political outcomes, which has been potentially demonstrated in the 2017 General Election, where it can be argued that the elements of the voting population with a higher education (especially in the younger voting population) had a decisive effect on the result (see Shrimsley, 2017) .
The research also indicates that the Leave campaign was effective in motivating its supporters to turnout to vote. Those campaigning to remain put their money on the polls being right. All indications from the polls were that Britain would remain in the EU. So the campaign vigor for those wanting to remain abated in comparison with those seeking to exit the general elections than in the EU referendum; this was potentially combined with the perceived 'forgone' conclusion that Remain had of victory; with a consequential lower perceived need for the Remain voters to turnout. So this indicates that hubris can have a significant effect on the referendum outcomes.
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